Amikacin was given to 14 noninfected men as three consecutive intramuscular injections (7.5 mg/kg) at 12-h intervals. Serum and bronchial secretion specimens were obtained at various times during flexible fiberoptic bronchoscopy after the final dose. Serum and bronchial secretion concentrations obtained between 1.5 and 2.0 h after the final dose ranged from 17 to 40 ug/ml and 2.3 to 8.4 ug/ml with a mean of 23.7 ± 2.9 and 5.23 ± 1.5 ug/ml, ±1 standard error of the mean, respectively. The highest bronchial secretion concentration in each subject correlated with the highest serum concentration (r = 0.83, P < 0.001), and all concurrent serum and bronchial secretion concentrations demonstrated a significant correlation (r = 0.82, P < 0.001). Clearance occurred at the same rate (halflife serum = 2.84 h; half-life of bronchial secretion = 2.60 h, P > 0.5). The mean bronchial secretion concentration of the 15 specimens obtained more than 7 h after the final dose was less than 1.0 ,ug/ml, with a range from 0.3 to 1.6 pg/ml.
The aminoglycosides are widely used for the treatment of gram-negative bronchopneumonia. A critical factor in their effectiveness is their ability to reach adequate concentrations in the infected lung or bronchial secretions. Since it is difficult to measure antibiotic concentrations in the lung, it has been suggested that the concentration gradient between blood and bronchial secretions may provide indirect evidence of parenchymal concentrations (19) . In addition, the concentration of antibiotics in bronchial secretions may be an important factor in their activity in the lung.
Conventional doses of amikacin have been shown to achieve serum concentrations above the minimal inhibitory concentrations (MICs) for many gram-negative organisms (12, 13) . If a similar level were also produced by these doses in bronchial secretions it might explain, at least in part, the documented effectiveness of this aminoglyeside in the therapy of gram-negative pneumonits (2, 22) .
This study reports the concentration of amikacin in the blood and bronchial secretions of noninfected patients.
MATERIALS AND METHODS
Fourteen adult males, ranging from 47 to 71 years of age, gave informed consent to participate in the study. These patients were to have diagnostic flexible fiberoptic bronchoscopy for suspected pulmonary carcinoma. All had normal blood urea nitrogen, serum creatinine, and urinalysis results and were afebrile.
The chest roentgenograms did not suggest infection and none of the patients was receiving other antibiotics.
To achieve steady-state concentrations, three consecutive intramuscular injections of amikacin (7.5 mg/ kg) were administered at 12-h intervals. Thirty minutes before flexible fiberoptic bronchoscopy, patients were premedicated intramuscularly with 5 to 10 mg of morphine sulfate.
Flexible fiberoptic bronchoscopy was scheduled so that blood and bronchial secretion specimens could be collected in four patients for each of the following time intervals after the final dose of amikacin: 0 to 3, 4 to 6, and 7 to 9 h, respectively. It was intended to obtain three concomitant specimens from each patient at 30-min intervals during the time span for each of the three groups; because of technical problems this was not possible in every instance. Furthermore, since flexible fiberoptic bronchoscopy was performed for diagnostic purposes it was never intentionally prolonged to obtain specimens. Thus, three concomitant bronchial secretion and blood specimens at the planned intervals were not obtained at the desired time in every patient.
Endobronchial intubationwand bronchoscopy were performed in the usual manner (24) . Lidocaine was not applied to the area from which bronchial secretions were sampled. Bronchial secretions were ob-768 DULL, ALEXANDER, AND KASIK tained from the lobar orifices of either lung and, together with the serum specimens, were frozen at -20°C until completion of the study. Amikacin concentrations were determined by radioimmunoassay (15) .
Least-squares linear regression analysis was performed for all correlations and to determine the slope of the line and calculate the indicated half-life depicted in Fig. 1 and 2 . RESULTS Serum and bronchial secretion concentrations for each patient are listed in Table 1 . Concomitant specimens could not be obtained in every instance, either because of bronchial bleeding during the diagnostic procedure or lack of adequate bronchial secretions. The highest concentrations of amikacin in serum (40.0 ,ug/ml) and bronchial secretions (8.4 ,ug/ml) were encountered 1.5 h after the final dose (patient 1). The mean concentrations at this time were 27.3 ,ug/ ml (four specimens) and 6.7 ug/ml (two specimens) in blood and bronchial secretions, respectively. Mean concentrations 2 h after the last dose were 19.0 gLg/ml (three specimens) and 3.6 ,ug/ml (two specimens), respectively. Concurrent serum and bronchial secretion concentrations (n = 30) were significantly correlated (r = 0.82, P < 0.001) (Fig. 3) . The highest serum concentra- tion in each subject (n = 14) was significantly correlated with the highest bronchial secretion concentration of that individual (r = 0.83, P < 0.001).
Clearance of amikacin from serum ( Fig. 1 ) and bronchial secretions (Fig. 2) occurred at approximately the same rate (t½ of serum = 2.8 h, tl½ of bronchial secretion = 2.6 h, P > 0.5). The mean concentration of amikacin in bronchial secretions fell below 4.0 ,ug/ml (Table 2) 3.5 h after the final dose. Only 3 of 15 bronchial secretion concentrations were greater than 1.0 ,Lg/ml (mean = 0.73 ± 0.15 ug/ml) 7 h after the last dose of antibiotic.
Individual bronchial secretion to serum concentration ratios were less than 0.2 in all but two patients, both assayed 1.5 h after their last dose. Mean ratios for various time intervals are listed in Table 2 , where it can be seen that the highest serum to bronchial secretion ratios occurred during the 1.5-to 2.0-h interval. Subsequent ratios were smaller, about 0.1, than those observed during the 1.5-to 2.0-h period.
DISCUSSION
The serum concentrations noted in the patients of this study were similar to the concentrations reported in other investigations (4, 17) . Since most pathogenic gram-negative bacteria are inhibited by 1 to 4 jig of amikacin per ml (6, 12, 13) , the conventional doses used in this study produced a high serum-to-MIC ratio.
The highest bronchial secretion concentrations noted by us occurred in the earliest specimens obtained 1.5 h after the final dose of amikacin, with an observed mean level of 6.7 lig/ml. This concentration would be expected to inhibit most gram-negative organisms (6, 12, 13) . However, the rate of clearance of amikacin from bronchial secretion was similar to serum (P > 0.5), so that 7 h after the final dose, 12 of 15 of the bronchial secretion concentrations determined were below 1.0 ug/ml, which has been reported to be inadequate to inhibit most gramnegative organisms (6, 12, 13) . Moreover, the reported MIC of amikacin against Pseudomonas 770 DULL, ALEXANDER, AND KASIK aeruginosa usually is greater than 6.0 jig/ml (6, 12, 13) . Thus, the amikacin levels in bronchial secretions, as assayed by radioimmunoassay, were substantially below those generally accepted as the MICs against this species of bacteria in the specimens obtained more than 1.5 h after the last dose.
Some of the variation in both serum and bronchial secretion levels of amikacin in the earliest group assayed may have been affected by the design of this study. Since the first sample was obtained 1.5 h after the last injection of antibiotic, it is possible that the peak serum level of amikacin may have occurred before the initial assay. Peak amikacin levels in serum have been reported to occur within 2 h in most individuals (4) . As a result, it would seem likely that the initial levels reported here were obtained close to the peak for most individuals in that group, but some variation in concentration caused by this effect cannot be excluded.
Other factors should also be considered in interpreting the levels reported here and may partially explain the patient-to-patient variation in bronchial secretion levels noted. It has been noted that pulmonary perfusion is greatest in the dependent regions of the lung (10) . Since tissue antibiotic concentrations depend on blood levels (5), sampling from various lung regions with different rates of perfusion may have affected amikacin concentrations (23) . It has also been postulated that inflammation increases the passage of antibiotics through the blood-bronchial barrier (3, 8, 21) . As a result, some of the variation in bronchial secretion levels may reflect a regional variation in bronchitis. Since five of our patients were active smokers or had a history compatible with chronic bronchitis at the time of flexible fiberoptic bronchoscopy, this may have resulted in some of the differences in amikacin levels observed.
Several studies have been previouslyr pub- (18) determined bronchial secretion concentrations of gentamicin. The levels of aminoglycoside in neither study were considered high enough to inhibit Pseudomonas aeruginosa. We have recently reported a mean bronchial secretion level of tobramycin, assayed biologically, of 3.75 ,tg/ml between 0.6 and 4 h after the final dose (1). This concentration is above the reported MIC against most tobramycin-susceptible gram-negative organisms, including P. aeruginosa (12) .
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aminoglycosides have also been reported in infected patients. Hall et al. measured tracheal secretion concentrations of tobramycin in three patients with clinical pneumonia (7). The levels were higher than the MICs for the cultured pathogen from 4 to 8 h after the final dose. Wong and associates measured bronchial secretion concentrations after eight intravenous injections of gentamicin (1.7 mg/kg of body weight) in five patients with either pneumonia or bronchitis (23) . The absolute bronchial levels were 40% or more of the corresponding serum values. These authors concluded that gentamicin readily penetrates the blood-broncho-alveolar barrier. Marks et al., however, measured sputum concentrations of gentamicin in patients with cystic fibrosis who were presumed to have inflamed lungs and demonstrated drug levels that did not reach the MIC of the Pseudomonas strains tested (16) . Finally, Klastersky et al. encountered such low concentrations of sisomicin in bronchial secretions after intravenous or intramuscular injection (75 mg every 8 h), that they suggested that endotracheal therapy with aminoglycosides should be part of the therapy for severe gram-negative pneumonias (11) .
All of these studies, including the present one, must be interpreted with some caution because there are many factors that determine passage of drugs across a barrier, such as the bronchial membranes and the activity of these agents in tissue. These factors include modecular size of the antimicrobial drug (23), pH (23), lipid solubility (9) , and the degree of inflammation present (3, 8, 21) . The lipid content, pH, and membrane integrity may be different in the infected or inflamed lung than in the lungs of the patient population reported here who did not have evidence of overt parenchymal infection.
It should be pointed out, however, that at present there are several published reports, including this one, which suggest that the concentration of aminoglycosides measured in the secretions of the lung are often low, especially when compared with their reported MICs for Pseudomonas. Well-recognized problems associated with the therapy of Pseudomonas pneumonia with aminoglycosides in certain clinical situations support this position.
In summary, our results indicate that on occasion some aminoglycosides penetrate poorly into bronchial secretions. In noninfected patients, conventional doses of amikacin produce bronchial secretion concentrations that would be expected to inhibit most gram-negative organisms, but probably not P. aeruginosa. However, bronchial secretion levels of amikacin may fall so rapidly that concentrations below the 
